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APPEAL BRIEF 

Dear Commissioner for Patents: 

This is an appeal pursuant to 37 C.F.R. § 1.191(a) from the decision of the 
Examiner, dated June 5, 2006 . finally rejecting claims 1-12 of the above-referenced 
patent application. A request for a one-month extension of time is enclosed pursuant to 
37 C.F.R 1.36(a). 

Attached to this Brief as Appendix A is a claims appendix containing a copy of 
all the claims involved in the Appeal, as required under 37 C.F.R. §41.37(a)(viii). An 
evidence appendix as required under 37 C.F.R. §41.37(a)(ix) accompanies this Brief in 
the form of Appendices B-E. Appendix B contains pages from a publication that 
illustrates the oxygen ion conduction and high electrical conductivity characteristics of 
the solid electrolyte yittria stabilized zirconia ("YSZ") that make YSZ suitable for use in 
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the anode support layer of a solid oxide fuel cell ("SOFC"). Appendix C contains 
pages from a publication illustrating the relatively high electrical resistivity of alumina 
(aluminum oxide). Appendix D contains pages from a publication further discussing 
desirable characteristics of solid electrolytes suitable for use in SOFCs. Appendix E 
lists several Web sites that contain exemplary information illustrating the 
characterization and use of alumina as an insulator. 

The objective evidence that accompanies this brief as Appendices B-E was 
made of record in the Response to final Office Action filed on October 1 1 , 2006. This 
evidence was submitted after the final Office Action because this was when the 
Examiner first requested such evidence (See page of the Interview Summary mailed 
September 12. 2006). Thus, this evidence was necessary to fully respond to the 
Examiner's request and could not have been earlier presented since such a request 
had not been made until that point in the prosecution of the present application. These 
are certainly good and sufficient reasons pursuant to 37 C.F.R. § 1.116(e) and this 
evidence is therefore of record in the present application in accordance with 37 C.F.R. 
§41. 37(c)(2). 

A related proceedings appendix as required under 37 C.F.R. §41.37(c)(1)(ii) 
accompanies this brief as Appendix F and indicates there are no related appeals, 
interferences, or judicial proceedings, as is discussed in more detail in Section II below. 

I. Real Party In Interest 

The real party in interest is Alberta Research Council, Inc.. having a principal 
place of business at 250 Karl Clark Road, Edmonton, Alberta T6N 1E4, Canada. The 
inventors assigned this application to Alberta Research Council, Inc. ("Assignee") in an 
Assignment recorded on February 9, 2004 at reel no. 014958, frame no. 0347. 

II. Related Appeals and Interferences 

Based on information obtained from Alberta Research Council, Inc., and based 
on information and belief of the undersigned attorney, there are no prior or pending 
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appeals, interferences, or judicial proceedings known to Appellant, Appellant's legal 
representative the undersigned attorney, or the Assignee, which are related to, which 
directly affect or which will be directly affected by, or which have a bearing on the 
decision of the Board of Patent Appeals and Interferences ("the Board") in the pending 
Appeal. There are no such appeals, interferences, or judicial proceedings as indicated 
in the related proceedings appendix that accompanies this brief as Appendix F. 

Mi. Status of the Claims 

Claims 1-13 are pending and stand rejected by the Examiner. Claims 1-12 are 
appealed. 

IV. Status of Amendments 

An Amendment After Final was filed on October 11, 2006 in response to a Final 
Office Action mailed on June 5, 2006. In an Advisory Action mailed on October 17, 
2006, the Examiner indicated the proposed amendments in the Amendment After Final 
would not be entered as raising new issues that would require further consideration 
and/or search. Appendix A includes all the appealed claims 1-12 as they are currently 
pending. 

V. Summary of the Invention 

This summary of the invention provides cross-referencing to the application as 
required by 37 C.F.R. § 41.37(c)(v). This cross-referencing is solely to assist the Board 
in understanding the Applicant's invention and is not meant to be exhaustive or to limit 
the scope of the pending claims. 

Independent claim 1 recites an anode-supported solid oxide fuel cell including an 
anode support layer comprising a porous ion-conducting structure having pores 
impregnated with a catalytic and electronically conductive material. An electrolyte layer 
is in adjacent intimate contact with the anode support layer and a cathode layer is in 
adjacent intimate contact with the electrolyte layer. Figure 1 illustrates a planar anode- 
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supported solid oxide fuel cell 2 corresponding to one embodiment of invention covered 
by claim 1 . The fuel cell 2 has a number of layers 10-18 in contiguous intimate contact, 
namely a cathode layer 10, an electrolyte layer 12, an anode functional layer (AFL) 14, 
an anode support layer 16 (ASL), and a pair of metallic current collectors 18 
sandwiching these layers 10, 12, 14, 16. See paragraph 16. The current collectors 18 
would typically be electrically coupled to an external circuit (not shown) to transmit 
electrons produced during the electrochemical reaction of the fuel cell 2. 

As described in paragraph 18, the cathode layer 10 may be composed of 
magnesium doped lanthanum manganate (LaMnOS) or a lanthanum strontium 
manganate (LSM), the electrolyte layer 12 made of a fully dense {he,, non-porous) 
yttria-stabilized zirconia (YSZ), which is an excellent conductor of negatively charged 
oxygen ions at high temperatures, and the anode functional layer 14 composed of 
porous nickel / zirconia cermet material. See paragraph 18. The ASL 16 is composed 
of a solid state YSZ structure impregnated with Ni or Ni-containing compounds. Other 
catalytic and electrically conductive materials may be substituted for the Ni or Ni- 
containing compounds. Id. The same is true of the YSZ structure, with other oxygen 
ion conducting materials suitable for SOFC use and having a relatively similar thermal 
coefficient to the electrolyte being substituted for YSZ. Id. 

The ASL 16 is a porous ion-conducting structure having pores impregnated with 
a catalytic and electronically conductive material. The ASL 16 may be produced by 
sintering a powder containing YSZ and combustible additives at a temperature sufficient 
to enable the YSZ to achieve partial densification in a solid state and to burn out the 
combustible additives. Paragraph 19, line 7 et seq. The porosity is provided by way of 
interconnected pores formed as a result of the combustion of the sintering additives, 
with the target porosity of the ASL 16 being on the order of about 30% or greater. Id, 
After forming the porous YSZ ASL structure, the pores of the YSZ ASL structure are 
impregnated with nickel Ni or a nickel compound. This impregnation is then followed by 
heat treatment steps that are typically made in both oxidizing and reducing 
atmospheres, which causes the impregnated nickel to typically be in both metallic (Ni) 
and oxide (NiO) form. Id. 
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The impregnation process is carried out such that Ni/NiO is distributed 
thoroughly throughout the porous YSZ ASL structure in a sufficient quantity (below 75% 
of the pore volume, and typically below 50% of the pore volume) that, upon heat 
treatment, the Ni-phase is continuous through the inside of the YSZ ASL porous 
structure. See paragraph 20. This continuous distribution of Ni provides an electronic 
current path that enables the ASL 16 to serve as a current collector. After final heat 
treatment, Ni/NiO does not completely fill the pores in the YSZ ASL structure since the 
pores need to remain open to provide reactant gas passage through the ASL 16. Id. 

As set forth in paragraph 21, during operation of the solid oxide fuel cell 2 fuel is 
supplied to and permeates through the ASL 16 and is oxidized to produce electrons. 
Under certain circumstances, such as when an insufficient amount of fuel is supplied for 
the electrochemical reaction ("fuel starvation"), the nickel Ni in the ASL 16 may oxidize 
to thereby form NiO. Paragraph 21, lines 2-4. Since NiO has a different density than 
Ni, its formation will cause a volume change relative to Ni. Paragraph 21, line 5 etseq. 
The Ni/NiO of the ASL 16 is, however, impregnated inside the porous YSZ ASL 
structure. Id As a result, since the expected volume change associated with the 
oxidation of the Ni to NiO of the YSZ ASL structure is less than the volume of the pores 
in this structure, it is expected that no or minimal change in the overall volume of the 
ASL 16 will occur as a result of Ni oxidation. Id. The overall thermal expansion 
coefficient for the ASL 16 is also expected to be reduced as a result of using Ni- 
impregnated YSZ instead of a traditional zirconia-nickel cermet. Id. 

In the ASL 16, the volume changes of this structure resulting from Ni/NiO 
oxidation and/or thermal expansion/contraction are expected to be less than in 
traditional cermet anode support layers. As a result, it is expected that the electrolyte 
layer 12 will experience less associated mechanical stress during operation, thereby 
reducing the occurrence of volume-change-induced cracking of the electrolyte layer. 
Although not discussed in detail, claim 1 also covers embodiments of the present 
invention illustrated in Figures 2-4. 

Turning now to independent claim 12, this claim recites an anode-supported 
solid oxide fuel cell including a cathode layer in adjacent intimate contact with an 
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electrolyte layer that is in adjacent intimate contact with an anode functional layer. The 
anode functional layer is in adjacent intimate contact with an anode support layer 
comprising an ion-conducting structure with a plurality of vias extending through the 
thickness of the oxygen ion-conducting structure, with at least some of the vias being 
filled with electronically conductive material. Claim 12 covers, for example, the 
embodiment of the present invention illustrated in Figure 2. In this embodiment, the 
ASL 16 is provided with a plurality of vias 20 (channels) that span the thickness of the 
ASL 16. and provide a pathway for the flowthrough of reactant gas. Paragraph 24, 
lines 2-3. The vias 20 may be created by one of the known methods in the art, e.g. by 
hole punching, id. at lines 3-4, and are filled with electronically conductive materials 
such as Ag, Ag/Ni -alloy or any other silver alloys, Cu or Cu alloys, Ni or Ni alloys, 
tugsten and its alloy, and so on, to enable the ASL 16 to serve as a current collector. 
Id, at lines 5-7. The rest of the ASL 16 structure may be substantially free of Ni or 
another electrically conductive material such that electric current flowing from the ASL 
16 to the current collecting layer 18 flows mainly through the vias 20. Id, at lines 7-10. 
Alternatively, the rest of the ASL 16 structure may be impregnated with Ni/NiO to assist 
in catalyzing and current conduction. Id. at lines 10-11. 

Figure 3 illustrates the ASL 16 having a graded composition along its thickness 
according to another embodiment of the present invention. Figure 4 illustrates another 
embodiment of the present invention in which a buffer layer 22 is introduced between 
the AFL14and the ASL 16. 

VL Issues 

1. Whether U.S. Patent Application Publication No. 2002/0164523 
to Shibata et al. ("Shibata") anticipates claims 1-6, 9, and 11-12 
under 35 U.S.C. § 102(e). 

2. Whether claims 7-8 and 10 are obvious under 35 U.S.C. § 
103(a) in view of the combination of Shibata and U.S. Patent 
Application Publication No. 2002/0028367 to Sammes et al. 
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("Sammes"). 

VII. Grouping of Claims 

1. Claims 1-6, 9, 10, and 11-12 stand or fall together. 

2. Claims 7 and 8 stand or fall together. 

VII L Argument 

1. Claims 1-6, 9, and 11-12 are allowable under 35 U.S.C. § 102(e) 
over U.S. Patent Application Publication No. 2002/0164523 to 
Shibata et al. ("Shibata") because Shibata neither discloses 
nor suggests an anode support layer comprising a porous ion- 
conducting structure having pores impregnated with a 
catalytic and electronically conductive material. 

"Under 35 U.S.C. § 102, every limitation of a claim must identically appear in a 
single prior art reference for it to anticipate the claim." Gechter v. Davidson, 42 USPQ2d 
1030, 1032 (Fed. Cir 1997). Before determining whether a prior art reference 
anticipates a claim, one must first construe the claim "to define the scope and meaning 
of each contested limitation." Id, The proper starting place in any claim construction 
analysis is the claim language itself read in view of the specification and the prosecution 
history. Phillips v, AWH Corp., 415 F.3d 1303 (Fed. Cir. 2005) (en banc). 

In the final Office Action mailed 5 June 2006, the Examiner maintained the 
rejections of claims 1-6, 9, and 11-12 under 35 U.S.C. § 102(e) as being anticipated by 
Shibata. On September 7, 2006. the undersigned along with the inventor Partho Sarkar 
and Brian Y. Lee, Canadian counsel for the Assignee, held a telephone interview with 
the Examiner to discuss the rejections of the pending claims (See the Examiner's 
Interview Summary mailed September 12, 2006 that is part of the file history of the 
present application). During this telephone interview, the Examiner construed the 
"porous ion-conducting structure having pores impregnated with a catalytic and 
electronically conductive material" recited in claim 1 as corresponding to the porous 
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metallic base body 1 illustrated in Figures 4-7. Paragraph 44 of Shibata states "it may 
be possible for the porous metallic base body [1] to be made of a ceramic which is 
plated with the above metals [e.g., nickel Ni] or with the alloy containing the above 
metals." Paragraph 69 more specifically provides "the porous base body 1 ... includes a 
ceramic (alumina) body plated with [nickel] Ni." In both the final Office Action (Item 2, 
bottom of page 3) and during the telephone interview, the Examiner erroneously 
concluded that the alumina portion of the base body 1 corresponds to the "porous ion- 
conducting structure" and the nickel Ni coating corresponds to the "catalytic and 
electronically conductive material" as recited in claiml. 

Notwithstanding the Examiner's assertions, alumina is not a porous ion- 
conducting material. This fact is well understood and known by those skilled in the art. 
Alumina is an insulator having a resistivity that is too high for this material to be 
considered a solid electrolyte and an oxygen ion conductor suitable for use in a solid 
oxide fuel cell. In order for a material to be considered an oxygen ion conductor 
suitable for use in an electrode of a solid oxide fuel cell, the material must provide the 
necessary and efficient ionic path for anodic reaction which takes place during solid 
oxide fuel cell operation. As is well known in the solid oxide fuel cell art, the ionic 
conductivity of the anode must be comparable to the ionic conductivity of the 
electrolyte. Moreover, alumina's resistivity is too high at the operating temperature of a 
solid oxide fuel cell to perform the required electrode function for the fuel cell. 

During the Examiner interview, the Examiner contended that even if alumina is 
considered in the prior art as an insulating materia! this material is nonetheless capable 
of conducting some ions, even if such ion conductivity is poor. See page 3 of the 
Interview Summary. The Examiner requested objective evidence to support that such 
an alumina ceramic is "incapable" of transporting ions, meaning that the material 
exhibits no ion conduction at all. Id. 

A suitable material for the recited anode support layer and thus an ion- 
conducting material is yittria stabilized zirconia (YSZ). See, e.g., paragraph 8 of the 
present application. YSZ is an excellent conductor of negatively charged oxygen 
(oxide) ions at high temperatures. See paragraph 3. A solid oxide fuel cell operates at 
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an elevated temperature, typically on the order of between 700-1000 ®C. Id See page 
101 of the Suresh publication that accompanies this amendment as Appendix B 
regarding general characteristics of ion-conducting materials. Other oxygen ion 
conducting materials suitable for use in a solid oxide fuel cell may be substituted for 
YSZ in the anode support layer. See paragraph 19. A characteristic of a solid 
electrolyte, which may othenA^ise be known as a fast ion conductor or a superionic solid, 
is a high electrical conductivity in the range of 10'^-10"^ ohm*\cm"^ (/.e. a resistivity of 
10-10,000 ohm'Vm"^). See page 17 of Appendix B. In contrast, alumina (aluminum 
oxide) has a resistivity of 5.0 X 10® at 700°C and 2 X 10® at lOOO^C (see page 959 of 
the Shackelford and Alexander publication, which accompanies this amendment as 
Appendix C. This large resistivity of alumina plainly evidences that alumina is not a 
solid electrolyte/fast ion conductor/superionic solid suitable for use in a solid oxide fuel 
cell. See the highlighted portions of the article that accompanies this amendment as 
Appendix D for additional information regarding desired resistivity values in fuel cells. 
Appendix E contains a listing of several Web sites that illustrate alumina being 
characterized and used as an insulator and not an ionic-conductor. 

All the above evidence clearly demonstrates that the Examiner is in error in 
asserting that the alumina disclosed in Shibata corresponds to the recited porous ion- 
conducting material. Moreover, the Examiner's contention that because alumina must 
exhibit some ion conductivity the base body 1 of Shibata may be considered to 
correspond to the porous ion-conducting structure of the anode support layer recited in 
claim 1 . Materials are classified as having physical characteristics that result in each 
material being placed in a particular class of materials, such as an electric or thermal 
conductor or insulator or an ionic conductor or insulator. Materials are not classified in 
absolute terms as would be required using the Examiner's logic. The Examiner 
requested evidence that "ceramic alumina is INCAPABLE of transporting ions (no ion 
conduction at all)." See page 3 of the Interview Summary. No such evidence can be 
provided for any material. Although classified as a particular type of material, every 
material will exhibit some characteristics of another class of materials. For example, 
materials classified as electrical insulators exhibit some amount of electrical 
conductivity, but such conductivity is so small that these materials are nonetheless 
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classified as insulators. If the Examiner's argument was accepted, then the 
classification of materials would be rendered meaningless. Any material could be said 
to be whatever type of material was needed by an Examiner when formulating a 
rejection. 

Pursuant to MPEP §2111, during patent examination the pending claims must 
be given their broadest reasonable interpretation consistent with the specification. The 
Examiner expressly mentioned this well known tenet of patent examination during the 
Examiner interview. As expressly set forth in Section 21 11 , the "broadest reasonable 
interpretation of the claims must also be consistent with the interpretation that those 
skilled in the art would reach." As evidenced by the accompanying technical literature, 
one skilled in the art would not interpret the phrase "ion-conducting structure" to include 
the insulating material of alumina ceramic. The Examiner's attempt to so interpret this 
phrase is simply put an unreasonable interpretation of this language. Although the 
Examiner cites the "broadest reasonable interpretation" language of Section 2111 as 
the rationale for his interpretation, such an interpretation of this language plainly in 
violation of this section of the MPEP as well as in contravention of common sense. 

For all these reasons, Shibata neither discloses nor suggests an anode support 
layer comprising a porous ion-conducting structure having pores impregnated with a 
catalytic and electronically conductive material as recited in claim 1. The base body 1 
of Shibata simply cannot be said to correspond to the recited anode support layer. As 
discussed above, an alumina ceramic simply is not "a porous ion-conducting structure." 
Because an alumina ceramic exhibits some ion conductivity does not make such an 
alumina ceramic an ion-conducting structure. As previously discussed with reference to 
Appendices B-E, alumina's resistivity is too high for this material to be considered a 
solid electrolyte and an ion conductor for a solid oxide fuel cell. Alumina's resistivity is 
also too high at the operating temperatures of solid oxide fuel cells to carry out the 
required electrode function. 

Furthermore, claim 1 recites an electrolyte layer in intimate contact with the 
anode support layer. Shibata discloses electrodes 10 and 11 to be in intimate contact 
with the electrolyte and not the base body 1 asserted by the Examiner to correspond to 
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the anode support layer. Thus, claim 1 is allowable for this additional reason. 

For all these reasons, the combination of elements recited in claim 1 is allowable 
and dependent claims 2-1 1 are allowable for at least the same reasons as claim 1 and 
due to the additional limitations added by each of these claims. 

Claim 12 recites an anode-supported solid oxide fuel cell comprising an anode 
support layer including an ion-conducting structure with a plurality of vias extending 
through the thickness of the oxygen ion-conducting structure. At least some of the vias 
are filled with electronically conductive material. An anode functional layer is in 
adjacent intimate contact with the anode support layer and an electrolyte layer is in 
adjacent intimate contact with the anode functional layer. A cathode layer is in adjacent 
intimate contact with the electrolyte layer. 

Shibata neither discloses nor suggests an anode support layer as recited in 
claim 12. The base body 1 of Shibata simply cannot be said to correspond to the 
recited anode support layer since an alumina ceramic is not an oxygen ion-conducting 
structure. Simply because an alumina ceramic exhibits some ion conductivity does not 
make such an alumina ceramic an ion-conducting structure. Alumina's resistivity is too 
high for this material to be considered a solid electrolyte and an oxygen ion conductor 
for a solid oxide fuel cell and the resistivity is also too high at the operating 
temperatures to carry out the required electrode function. 

For all these reasons, the combination of elements recited in claim 12 is 
allowable. 

During the interview, the Examiner also raised what he termed a potential 35 
U.S.C. § 112, paragraph 1, issue regarding the recitation of an ion-conducting structure 
in the claims and pointed to paragraph 19 of the specification to support his assertion 
that only a description of oxygen ion conducting materials is contained in the 
application. See page 3 of the Interview Summary. The Examiner states that "the 
invention, as presently claimed, may have a [Section] 112 issue (lack of adequate 
written support, and may be [sic] lack of enablement) because it clearly does not 
disclose, suggest or teach how "ANY" ion conducting material can be suitably used in 
the claimed anode structure." While not at issue here a brief reply to this comment is 
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provided. It is tlie Examiner and not the Applicant that is inserting the word "any" before 
the claim term "ion-conducting structure" recited in claims land 12. Claim terms must 
be construed in the context of the application. As expressly noted by the Examiner on 
page 3 of the Interview Summary, the present application (paragraph 19, lines 4-7) 
states "other oxygen ion conducting materials suitable for SOFC use and having a 
relatively similar thermal coefficient to the electrolyte, as is known in the art. may be 
substituted for YSZ." Claims 1 and 12 are directed to anode-supported solid oxide fuel 
cells. In the context of solid oxide fuel cells, one skilled in the art would understand the 
recited term "ion conducting structure" to relate to oxygen ions. No Section 112 issue 
exists. 

2. Claims 7-8 and 10 are nonobvious under 35 U.S.C. § 103(a) in 
view of the combination of Shibata and U.S. Patent Application 
Publication No. 2002/0028367 to Sammes et al. ("Sammes") 
since there is no disclosure or suggestion. 

In the final Office Action, the Examiner rejected claims 7, 8 and 10 under 35 
U.S.C. § 103(a) as being obvious in view of Shibata and Sammes. As discussed 
above, nothing in Shibata discloses or suggests the recited anode support layer. 
Furthermore, Sammes describes anode layers that comprise different ratios of 
electrochemically active substance. Sammes also describes a process for 
manufacturing a solid oxide fuel cell anode wherein YSZ powder is added to NiO 
powder and these materials are milled, extruded, dried and sintered together. As 
discussed above, one would expect a cross-sectional micrograph of the base body 
described in Sammes to reveal a porous structure comprising a homogenous 
composition within each layer. There is no suggestion in Sammes to impregnate 
catalytic and electronically conductive material into the pores of an anode support layer, 
thereby creating an anode support layer having a non-homogeneous porous structure. 

Claim 7 recites the fuel cell of claim 5 wherein the catalytic and electronically 
conductive material is Ni-containing material and is compositionally graded through the 
thickness of the anode support layer, with a higher concentration of the Ni-containing 
material at one major surface of the anode support layer than the other. The recited 
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porous structure is non-homogeneous in that the electronically conductive material of 
nickel Ni is compositionally graded through the thickness of the anode support layer. 
As a result, the anode support layer has a higher concentration of nickel Ni at one 
major surface than at the other major surface. Within the recited single anode support 
layer the electronically graded material is graded through the thickness of this single 
layer. Sammes discloses multiple layers with the concentration within each layer being 
homogeneous or constant and not graded. For these reasons, even if combined 
Shibata and Sammes do not teach or suggest the recited structure of claim 7. Claim 7 
is accordingly allowable. 

Claim 8 recites the fuel cell of claim 7 wherein the anode support layer further 
comprises a second conductive metal selected from the group of ferritic steel, super 
alloy, and Ni-Ag alloy and which is concentrated at the major surface of the anode 
support layer having the lower concentration of Ni-containing material. Once again, 
Sammes neither discloses or suggest a single anode support layer having a nickel Ni 
concentration graded as recited in claim 7 and then a second conductive material 
concentrated at the major surface of the anode support layer having the lower 
concentration of nickel Ni as recited in claim 8. Claim 8 is accordingly allowable for 
these additional reasons. 

3. Dependent Claims Not Specifically Addressed In Section VIII 

All dependent claims not specifically addressed in this section are patentable by 
virtue of their respective dependencies from claims for which the Applicants have 
presented an argument for patentability. 

IX. Conclusion 

For the foregoing reasons, the Applicants request the Board to reverse the 
Examiner's rejection of claims 1-6, 9, and 11-12 under 35 U.S.C. § 102(e) and his 
rejection of claims 7, 8, and 10 under 35 U.S.C. § 103(a) and remand the application to 
the Examiner for issuance of claims 1-12. 
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Enclosed is check number 27256 in the amount of $620.00 to cover the fees 
associated with filing the Appeal Brief ($500.00) and the extension of time fee 
($120.00). 

Dated: February 8, 2007 
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Request for Extension of Time 
Check #27256 for $620.00 
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Paul F. Rusyn 
Attorney for Applicant 
Registration No. 42,118 
155-1 08th Avenue N.E., Ste. 350 
Bellevue, WA 98004-5973 
(425) 455-5575 



14 



APPENDIX A 



1 . An anode-supported solid oxide fuel cell comprising 

(a) an anode support layer comprising a porous ion-conducting 
structure having pores impregnated with a catalytic and 
electronically conductive material; 

(b) an electrolyte layer in adjacent intimate contact with the anode 
support layer; and 

(c) a cathode layer in adjacent intimate contact with the electrolyte 
layer. 

2. The fuel cell of claim 1 wherein the catalytic and electronically 
conductive material is selected from the group of nickel, copper, silver, 
tungsten, and any alloys of these materials. 

3. The fuel cell of claim 2 further comprising a second phase material 
mixed with the catalytic and electronically conductive material, the 
second phase material being selected from the group of yttria- 
stabilized zirconia (YSZ), doped cerium oxide, alumina or its salts. 

4. The fuel cell of claim 2 further comprising an anode functional layer 
between the anode support layer and the electrolyte layer such that the 
electrolyte layer is in adjacent intimate contact with the anode 
functional layer instead of the anode support layer. 

5. The fuel cell of claim 4 wherein the porous ion-conducting structure of 
the anode support layer is substantially yttria-stabilized zirconia (YSZ). 



6. The fuel cell of claim 5 wherein the catalytic and electronically 
conductive material is substantially evenly distributed throughout the 
anode support layer. 

7. The fuel cell of claim 5 wherein the catalytic and electronically 
conductive material is Ni-containing material and is compositionally 
graded through the thickness of the anode support layer, with a higher 
concentration of the Ni-containing material at one major surface of the 
anode support layer than the other. 

8. The fuel cell of claim 7 wherein the anode support layer further 
comprises a second conductive metal selected from the group of 
ferritic steel, super alloy, and Ni-Ag alloy and which is concentrated at 
the major surface of the anode support layer having the lower 
concentration of Ni-containing material. 

9. The fuel cell of claim 4 further comprising a porous zirconia-nickel 
cermet buffer layer sandwiched in between the anode support layer 
and anode functional layer, and having a porosity between 40-90%. 

10. The fuel cell of claim 4 wherein the porous ion conducting structure of 
the anode support layer is comprised of a mixture of 10-30 vol. % of Ni, 
or NiO or both, and the balance yttria-stabilized zirconia (YSZ). 

11. The fuel cell of claim 4 wherein the anode support layer further 
comprises a plurality of vias extending through the thickness of the ion 
conducting structure of the anode support layer, at least some of the 
vias being filled with an electronically conducting material. 

12. An anode-supported solid oxide fuel cell comprising 



(a) an anode support layer comprising an ion-conducting structure with 
a plurality of vias extending through the thickness of the oxygen 
ion-conducting structure, at least some of the vias being filled with 
electronically conductive material; 

(b) an anode functional layer in adjacent intimate contact with the 
anode support layer; 

(c) an electrolyte layer in adjacent intimate contact with the anode 
functional layer; and 

(d) a cathode layer in adjacent intimate contact with the electrolyte 

An anode-supported solid oxide fuel cell comprising 

(a) an anode support layer; 

(b) a porous cermet buffer layer in adjacent intimate contact with the 
anode support layer, and being composed of a zirconia-nickel 
cermet with a porosity between 40 and 90%; 

(c) an anode functional layer in adjacent intimate contact with the 
buffer layer; 

(d) an electrolyte layer in adjacent intimate contact with the anode 
functional layer; and 

(e) a cathode layer in adjacent intimate contact with the electrolyte 
layer. 
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CHAPTER 2 

Supeirionic Materials and Structures 



pil;. SuperiohiG solids are ionie materials with high electricaLl conductivity 
comparable with those of liquid electrplytes/These rria^ are also 

pli;!^ termed "solid eleetrolytes" or "fast, ion eonduGt6rs*\ Typically a 
ionic solid has the following characteristics; ■ 

■ • .... . 

"§^•'(0 crystal bonding is ioriic; * " • 

(ii) electrical conductivity is high.. 

■ - (10-^ ^ lo^^lohm"^ cxn-ij.;: ■ ' '-/{^ 

P|||:(iii) principal charge carriers are ions which means that the iGhic trans-: 
.^,ytmL- ference number i(:^ion ) is almost equal, to 1 (here ^jpn refers^to the 
fractional contril3ution of the ionic conductivity to the total cdnr. 
ductivity); ; 

the electronic Gonductivity is small; generally rnaterials with elec- 
tronic transference number (*e) less than 10"" '* are considei^ed^s^ 
factory superionic:^solids. 

p|||feThe values of electrical Gonductivity: of "a few ibhit ai^^ solids; 
^pijlre shown in Figure 2-1. The highest cd)nducidvil7 ternperature' 
^ ift^^^^^^^ so far is for Rb Ag4 15 whicMs 0;2^^^ 

than those of tliemore cbmrnohly knp\vn ioriic:' 
have room teit»perature.cohductivity ^- 1 
— — — may be rioted; that most of t^^ 
|^^|i|ls attain a high electrical conductivity above a certain temperature wWch 
^^|||ffiay or may not be well defined. In- other v^ords-, with 'ihGreasing/ternper- 
^^!|tuve the electricalconductiyity sorrie times changes gradually |^as4n jS-alu- 
^^"^mina) or shows an abrupt jump {e.g. in i3:AgI, RbAg4l5 etc.). Furtjier- 
I^Srofe, for the latter materials the abrupt conductivity change is sometirnes. 
J^l^ciated with a distinct structural change (like the j3 — > a transition :in 
^S%B^"^ sometirnes this.isnot so clear (as; iri RbAg4l5 ). _Stnictures which 
tt.|Jffipj^^^^ ion transport are generally disordered, '*chanrieUed" or **iiyer- 
||^^d^'v(Wiedersich and Geller 1971), Ion— Ion interactions or correlation 
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pgbveii Owens. (1971) has noted that M"^- ibris .with> volumes greater^ th^/J'g 
i^|; 85;(^?) do not generally form conductive compounds.. FurthermoreVfo^^^^^ 




^^phe above struttural principles have been deducedvori the basis of t^r^^^^ 

g^py';.small amount of available structural datia — mos tly.onv cation ;subS^^ 
P^|i|u!ted systems;. More structural studies?iWOuld?;be^necessai>y'.i^ 
^^raoit- aad cationASubstituted systems - to amve^at-^Cbetter^ul^ 

. : ■: - - -'^^--^'^^^^^^^^^^ 

^^gFhe first 'soUd oxide-electrolyte ever used was^rprobably -the cefamic|?| 

composition 85 wt % Zr02 , 15 wt %Y2 03 which was used; by/ N 

^|a0|5:) as an. iheandescent lighting material^ Later Baur and l4^eiis.(lM 

^P|e|l'r:this material for a fuel ceU. The definite cdncluctivity mechanism- ir^^ 

^|emis of oxygen vacancies was proposed by Wagner (1943) and later v^iS^^^^ 

^fied by Hund (1952). Hbwev^ri the sudden ihcrease; of scientific iTi|e^^ 

^Jr|such materials started after Kiukola and Wagner (1957 a^ 1957b)Viffiisi^^-; 

^^y^|ed their use in high- temperature thermodynamic measurement's anaiftj| 

^^up -cells. In principle, almost all. oxides can be expected to. showJsoSb^^ 

^^^ee of oxygen ion conduction particularly the non-stoicKiometric'dicll^ 

The: non-stoichioixietry can becreateid by heating, the metial;oxiH^S;:iE|^§ 

^pGuum or pxyge;n or the relevant metallio vaipour (Wagner 1 9 74) . Mospbf 

|||^|fei;oxygen,ion conductors are good only at high temperatures 1 oM'^fJlSp; 

ll^nd are mixed conductors (ionic + electronic + :eleGlxpn--hbie). As iir thgfv| 

of other ionic conductors, the conductivity in this case is stI;yngIy^^^^ 

fo|iie|endent on the temperature and doping with alioValerit impurities^-^^ 

pglil^ Ga^-' , Y^-" , Sr^-^ etc. in HfOa , GeO^ etc.) which control the hi™b^p§| 

^^point defects and their mobility. However; a unique property of oxide^^ 

^||5nductors is the dependence of the conductivity oh the' ambient -pfifV^w 

^o&activity. If the ambient oxygen pressure is low, the oxygen ions ^(Gii^S^ 

8||§uid leave the solid electrolyte according to the following meGhanisn^iJlif 

iHlfe'.' • ■ ■ ■ ■ ' * • " " • ■ V- 

l^gTKe defects are expressed in the Kroger-Vink notation: the symbol indicates tlle^;v4^^ 




^^^^LOh at the interstitial site with effectively two negative charges.; 
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l^^ions, cooperative hopping or correlation effects play important roles, 
I^JDetails of the conductivity mechanism will be discussed in Chapter 4. 
|5:^pgure 2.46 gives a schematic plot of conductivity as a function of partial- 
ll^kssure of ambient oxygen for a typical pxide electrolyte at three dif-' 
ip^l^rent temperatures: The higher the temperature, the lower is the range 
fefjjgf oxygen pressure over which the conductivity is ionic. The dependence 
I^Sf the range of ionic conduction on coneentratioii of aliovalent dopant 
^|}ike Ca^"*" or Y^*^) is shown in Figure 2.47. The effect of increasing con- 
Ijpentration is to broaden the range of ipnic conductivity and shift the 
^^|whole conductivity curve to lower po J values. = , 

Most of the useful oxide electrolytes developed so far are based on 
|^^02 , Ce02 , Hf02 and zirconia, "though some other systems have also 
fe||>een described. For an earlier review see Etsell arid Flengas (197d^> The 
Pl^bmmon structure which sustains high oxygen ion conduction vis;. ^tKe; 
^l^fluorite structure". The fluorite structure for MO2 (M = metalaon Th, 
^tee etc) is shown in Figure 2.48. In this structure there are a large ntinibfer : 
^^pf octahedral interstitial voids. Each metal cation is surrounded by eigfi^: 




ill- 
m ■■ 

tl'..,, 

g.|)J; ;Fig. 2.47 Schematic representation of the dependence of conductivity of any oxide 
|g:|-ion electrolyte on oxygen partial pressure for samples doped with different concen- 
pl'vtrations of aliovalent anion (Ca^***, Y^"*- etc.). 
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Ceramic 



5 Aluminum Oxide (AI2O3) 



gBeryllium Oxide (BeO) 



if- 
m 

|]Maignesium Oxide (MgO) 



pa*- 

f iSiliiibn Dioxide (Si02) 

irpi- 

I ipirconium Oxide (Zr02) 
I -|(sjSbilizeil) 

] iiifstabilized) 



Resistivity 
(ft-cm) 



Temperature 
Range of Validity 





25 L» 


2x10^^ 


100 c 




300- C 


6.3x10^^ 


500'C 


5.0x10* 


'700*C 


2x10^ 


lOOO'C 


>10^^ 


25-C 


>io'^ 


. 30to'C 


1-5x10^^ 


0\J\J V 


1.5-2x10" 


700*C 


4-7x10^^ 


iboo'C 


1.3x10*^ 


irc 


0.2-1x10^ 


lOGOX 


4x10^ 


1727'C 


10^8 


: ? room temp. 


2300 


700''C 


77 


1200*C 


. 9.4 


1300"C 


1.6 


1700'C 


0.59 


206o'e 


0.37 


2200'C 
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Spar Plug use alumina since it is electrically insulator: 
http://vshsp.en>alibabaxom/search/offer 



Auto Ignition System use alumina since it is an insulator: 
http://starsparkplug.en.alibaba.com/offerlist.html 
Alumina insulating coating: 
http://www.freepatentsonline.CQm/6844Q23.html 



Shanghai Morgan Matroc Technical Ceramics Co.,Ltd 

High efficiency alumina heat-electric insulator for welding and heat treatment. Morgan 
Technical Ceramics Shanghai produces a complete range of ceramic ... 
www.morganmatrocsh.com/e_chanpin_7.htm - 15k - Cached - Similar pages 

Ortech industry -table containing alumina 's properties: 

http://www.ortechceramics.com/alumina.htm 



Ceramic Tube and Ceramic Rod Products -(111 companies) 
Ceramic tube and ceramic rod products are suitable for use In applications requiring high temperature strength, 

erosion resistance, electrical or thermal insulation, and other specialized characteristics. Search bv Specification j 

Learn more about Ceramic Tube and Ceramic Rod Products 

Alumina Insulator 

http://www.prgtech.com/engineering.html 

Alumina use in thermocouple assembly as a insulator: 



PDin Noble Metal 

File Format: PDF/Adobe Acrobat 
elements, elements with insulators or assemblies. A typical, assembly includes a head, 
alumina insulators and a protecting ... 

www.watlow.com/literature/specsheets/files/sensors/ricnom0305.pdf - Similar pages 
Page 8 -shows use of alumina tube in an assembly as a insulator: 

Henry Rohrs poster 

File Format: PDF/Adobe Acrobat 

Alumina Insulator. Nickel Seat. Gold 0-Ring. SS 0-Ring Seat. Vespel Support. Sapphire 
Ball. PZT Bimorph. Pulsed Valve. The pulsed valve consists of a ... 
www.chemistry.wustl.edu/~msf/ASMS98/Pshenry98.pdf - Similar pages 

Goodfellow- a table listing volume resistivity of alumina >10^^ ohm-cm.: 



http://www.azom.com/details.asp?ArticlelD=2103 



APPENDIX F 

There are no related appeals, Interferences, or judicial proceedings. 
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